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Abstract ‘%7
The values of the Lennard-Jones parameters used by Robinson (Advanced
Energy Conversion, 3, 19 (1963)) in his computation of the transport proper-
ties of cesium vapor are used to compute the cesium-cesium total scattering

cross section. The result gives good agreement with beam experimenti%

It is well kncwn that the diameter of an atom may be estimated from the
solid density. The corresponding hand-sphere atomic cross section may be used
to estimate gas thermal conductivity, viscosity, and diffusion coefficientl.
Such estimates have been made for cesium by several workersz’s. A more
rigorous procedure has been detailed by Hirschfelder, et al4. The differen-
tial scattering cross section obtained from an appropriate interaction poten-
tial is used to compute the transport cross section. The values of the
parameters in the interaction potential are obtained from the atomic struc-
ture. Robinson® has used a Lennard-Jones (12-6) potential to compute the
transport properties of a cesium vapor by this procedure and achieved
reasonable agreement with experimentS.

The application of hard-sphere theory to the highly polarizable cesium
atom is certainly open to question. The usual justification for the hard-
sphere approach is that reliable values of the parameters in the Lennard-
Jones potential are not available. The purpose of this note is to lend

credence to theoretical Lennard-Jones parameters for cesium-cesium

interactions. ™ X-52060
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The Lennard-Jones interaction potential V(r) is given4 by

2 5\6
= g - (2
V(r) = e [(r)l <r) J (1)
where the parameter o 1is the separation, r, at which the inverse 12th

6th attractive

repulsive potential is just balanced by the inverse
potential. The dispersion parameter, €, gives the depth of the potential
well.

Since the scattering of thermal atomic beams is dominated by the attrac-

tive portion of this potential7, then

V(r) ~ - 4e (§)6 (2)
Using this potential in the Massey-Mohr approxim.ation7 yields the following
value for Q, the total scattering cross section:
5 2/5

A - % () (3)
where 4 is Planck's constant divided by 2x and v is the relative
velocity of the colliding atoms.

The dispersion energy constant, 4606, has been computed by Fontana9

57

to be 2.2x10° erg-cm6 for a cesium-cesium interaction. ZFollowing Rothe

10

and Bernstein's outline for the application of Slater and Kirkwood'sll

procedure, 3.43x10'57 erg—cm6 is obtained for the dispersion energy con-

stant. Using a mean value of 2.81><lO'57 erg-cm6 in equation (3) yields

5 A2
1.45x10° ©
av) = X

W—A (4)

where v 1is given in cm/sec°
When an atomic cesium beam emitted from an oven at 450° K is scattered

by cesium vapor at about 340° K, the mean relative velocity of the particles
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is approximately 5.7><lO4 cm/sec (using the method of ref. 10 to estimate
the relative velocity). Equation (4) then gives
Q(3.7x10% cmfsec) = 2150 &

2
2 experimentally obtained a value of 2350 X for these

Estermann, et al:L

temperatures.
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